Nowadays the effect of industrial production on the environment brought out the importance of the green concept in supply chains. Particularly for supplier firms, greening is essential in a supply chain because with growing worldwide awareness of environmental protection, green production has become an important theme for almost every manufacturer. While literature related to supplier evaluation is plentiful, the works on green supplier evaluation are rather limited. Therefore, a green supplier evaluation model is proposed in this study. Due to its multi criteria nature, the green supplier evaluation process requires an appropriate multi criteria analysis and solution approach. Selecting a proper method involves an insight analysis among available multi-criteria decision making (MCDM) techniques. Among numerous methods of MCDM, this paper presents a decision framework based on group decision making (GDM) and fuzzy analytic hierarchy process (FAHP) for evaluating and selecting green suppliers. The applicability of the proposed approach is verified through a case study.
Introduction
Industrial production can have crucial effects and damages on the sustainability of the natural environment and human life such as the impacts include depletive resource use, global environmental impacts, local environmental impacts, health impacts, and safety risks. These issues have received more and more attention in recent years and supply chain operation with environmental consideration has become an increasingly important issue. However, in order to improve their relations with the environment, these organizations must contribute towards a reduction in environmental impacts from their supply chains, stimulating improvements in their suppliers' environmental performance. [1] [2] [3] [4] [5] Therefore, these growing interest and importance to the supply function raise the importance of the environmental performance of suppliers. 6, 7 As the public awareness increases, buyers today are learning to purchase goods/services from suppliers that can provide them with low cost, high quality, short lead time, and at the same time with environmental responsibility. 8 The most common green supply chain management (SCM) practices involve organizations assessing the environmental performance of their suppliers, requiring suppliers to undertake measures that ensure environmental quality of their products, and evaluating the cost of waste in their operating systems. 5 In order to obtain the greatest benefits from environmental management, firms must integrate all members in the green supply chain. A high level of environmental performance achieved by a firm may be broken down by a poor level of environmental management by its suppliers. Therefore, green suppliers and their selection, evaluation, etc. processes are vital in a green supply chain.
According to Jabbour and Jabbour, 1 supplier participation in providing direct inputs for manufacturing companies has intensified recently. Additionally, many studies indicate that suppliers play strategic roles in organizations; they play a vital role in creating a competitive advantage and their actions have a positive impact on the organization's performance. In this sense, supplier selection, and most especially, the establishment of supplier evaluation criteria have been structured at the companies. Once suppliers become responsible for the parts, subsystems etc. of the final product, they incorporate production costs, technological development and quality performance in them, which is why they are important and selected according to operational and strategic factors. With the use of selection criteria that are compatible with the company's competitive strategy, it is possible to achieve an alignment between the two in terms of goals and objectives. As a consequence, if companies want to gain successful and sustainable performance in their green supply chains, selection of appropriate suppliers becomes one of the most fundamental and challenging process for them. 8 There are various mathematical techniques in literature for supplier evaluation process, such as data envelopment analysis 5 , analytic hierarchy process (AHP), 1 fuzzy AHP (FAHP), 9 fuzzy goal programming 10 and fuzzy analytic network process.
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For green supplier selection process, it is required to generate and evaluate alternatives comparing their advantages and disadvantages. Since the evaluation is resulted from the different evaluator's view of linguistic variables, its evaluation must also be conducted in an uncertain, fuzzy environment. Here, AHP 12 which is a widely used multiple criteria decision making (MCDM) method offers the opportunity to tackle the complexity of the decision problem by means of a hierarchy of decision layers. The model enables decision makers to divide a decision into smaller parts, starting from the level of goal formulation into criteria down to the level of alternative control actions. Yet for human being's subjective judgment, a theory needed in measuring the ambiguity of these concepts. Because of the vagueness and uncertainty on judgments of the decision maker, the crisp pairwise comparison in the conventional AHP seems to be insufficient and imprecise to capture the correct judgments of decision-maker(s). Fuzzy logic 13 can be introduced in the pairwise comparison of the AHP to make up for this deficiency in the conventional AHP, referred to as a FAHP. This study includes FAHP methodology to strengthen the comprehensiveness and reasonableness of the green supplier evaluation process. The presence of multiple criteria and the involvement of multiple evaluators will expand the decision space from one to many dimensions, thus the complexity of the decision process will increase. Multiple evaluators are also preferred rather than a single evaluator 14, 15 to avoid the bias and to minimize the partiality in the decision process 16 . Therefore, FAHP is based on group decision making (GDM) process in this study.
The organization of the paper is then as follows. The suggested evaluation model is described in the next section. Following this, the FAHP methodology is briefly presented. The latter section includes the illustration of the proposed evaluation framework through a case study. Finally, some concluding remarks are given in the last section. ecological efficiency. The benefits to the firm arising from advanced environmental management practice can include: cost reduction (efficient use of raw materials, reduction in fines, risks or insurance costs); quality improvement; early adoption of new regulations; and better human resource management practice. 8, 17 For this reason, a common theme in the supply chain management literature is that green management structure increases the supplier's performance level and supplier selection with green criteria is important for a superior green supply chain. 1, 5, 6, 8, [18] [19] [20] In order to develop a rational framework from many different types of environmental criteria, relevant studies in the green supply chain literature are examined. Rao and Holt
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proposed that change for more environmentally-friendly transportation, cleaner production and technologies, environment friendly raw materials, providing information to consumers on environment-friendly products and/or production methods, taking back packaging and recycling of materials internal to the company are important greening issues. Noci 20 designed a green vendor rating system for the assessment of a supplier's environmental performance based on four environmental categories, namely, green competencies, current environmental efficiency, suppliers' green image and net life cycle cost. Humpreys Based on the studies in traditional and green suppliers, and the contribution of industrial experts who actually work in the environmental management and purchasing management related departments of three international companies' Turkish branches; the most important factors for evaluating green suppliers in the literature can be structured in four main criteria as product cost (C1), product quality (C2), service performance (C3) and environmental performance (C4). Structure of the evaluation model containing main and sub-criteria is given in the Figure 1 .  Product price (C11) 9, [25] [26] [27] [28] [29] : The firm always requires the minimum price of the product to increase the profitability. The processing cost, maintenance cost, warranty cost, and other costs related to the manufacturing of the product determine the total price of the product.  Freight cost (C12) 30, 31 : This contains the lengthy distribution channel cost, transport expenses, inventory cost, handling and packaging cost, damages during transportation, and insurance costs.  Tariff and custom duties (C13) [32] [33] [34] : Different countries have different norms of imposing tariff and custom duties on the goods and services purchased. Preferences should be given to the supplier country having less duties and taxes.  Rejection rate of the product (C21) 28, [35] [36] [37] : It is defined in the terms of the number of parts rejected by the customers because of some quality problems and includes the defective parts detected in the incoming quality control and the production line.  Increased lead time (C22) 28, 38 : Defective parts, which are not detected in quality control process but noticed afterwards, can increase the lead time of production.
 Quality assessment (C23) 9, 19, 24, 25, 28 : Includes issues like whether or not the frequent quality assessment of the parts has been done by the supplier. Are suppliers certified for strict quality assurance and do they have a strong commitment for preventing quality failures?  Remedy for quality problems (C24) 19, 39, 40 : This attribute helps in investigating the supplier's ability to solve the quality problems detected by the manufacturer. The capability of the supplier in handling abnormal quality problems is important.  Delivery performance (C31) 10, 19, 28, 36, 42 : The ability of the supplier to follow the predefined delivery schedule is always an important criterion for the selection. The manufacturer should access the complete supply chain network on time and have the ability to follow the exact delivery schedule according to the customer's demand.  Technology and RD support (C32) 10, 19, 24, 26 : Technology is advancing very fast and suppliers are more likely to assume greater responsibility for outsourced design, engineering service, prototype development and research to increase the performance of the products.  Responsiveness (C33) 25, 28, 34, 39 : The ability of the supplier to change according to the customer's demand, price structure, order frequency and current business scenario has an important impact. A more flexible supplier in terms of the demand constraints can be chosen for better performance towards customer.  Ease of communication (C34) 10, 34, 42 : The ease of communication and negotiability with the suppliers determine the long-term relation between the supplier and manufacturer. A manufacturing firm should consider attributes such as cultural similarity, ethical standards and electronic data interchange capabilities in order to ensure effective communication.  Supplier reputation (C35) 10, 34, 42, 43 : The performance history of the supplier should be analyzed carefully keeping in mind its past production schedule, response to market, and its ability to make commercial relations and business references. Suppliers with good customer base should be preferred.  Environmental management competencies (C41) 19, 20, 28 : It is characterized by the supplier's capacity to reduce pollution continuously and to design components that have a low impact on the state of natural resources and are consistent with the company's requirements. The supplier 
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Copyright: the authorsorganization should be capable of environmental management competencies, so environmental image.  Existing environmental management systems (C42) 6, 19, 20, 24, 28 : This should include checking a supplier's environmental policies, implementation and certification of ISO 14001. This process is one of the important factors for suppliers to maintain their sustainability.  Design for environment (C43) 20, 21, 24, 28, 44 : It includes checking the supplier's design for environment capability (e.g. design for disassembly) so that the product becomes more environmental friendly. The ability of supplier in improving product design in order to reduce the impact on nature is important.  Production for environment (C44) 6, 19, 21 : It covers the supplier's manufacturing processes and the following factors are significant from an environment perspective: types of energy that are used, low energy production by taking energy saving measures, level at which the company releases materials dangerous to the environment, the extent a supplier is working to improve the immediate environs, and extent the supplier is using dangerous products in its production.  Logistics for environment (C45) 10, 11, 19, 21, 42 : Logistics is part of the total life-cycle of a product and therefore what degree the supplier has taken steps to develop and use more environmentfriendly logistics systems is important. The aspects which are included are: return loads, choice of transportation, load optimizing, and the supplier's geographical location.  Environmental costs (C46) 19, 45 : Costs due to treatment of pollutants such as costs for solid waste disposal and costs related to improving suppliers environmental performance such as the cost for buying new equipment that will produce less pollutant.
Proposed Analytic Approach: Group Decision Making based Fuzzy AHP Method
Problems treated within MCDM framework usually involve multiple conflicting criteria. Such problems require comparisons of alternative solutions on the basis of criteria and usually include implicit or explicit trade-offs between the criteria. 46 The AHP 12 , first developed by T.L. Saaty in 1980 , is a quantitative technique that facilitates structuring a complex multi-attribute problem, and provides an objective methodology for deciding among a set of solution strategies for solving that problem. AHP has several advantages, including its acceptance of inconsistencies in managerial judgments/perceptions and its user friendliness because users may directly input judgment data without further requiring mathematical knowledge. It also allows users to structure complex problems in the form of a hierarchy or a set of integrated levels. AHP can also be combined with well-known operations research techniques to handle more difficult problems. 47 But on the other hand, AHP is inadequate and defective in handling the ambiguity of the concepts that are associated with human being's subjective judgments. The FAHP method, which combines AHP and fuzzy logic, allows a more accurate description of the decision making process. Fuzzy set theory is a mathematical theory pioneered by Zadeh, 13 which is designed to model the vagueness or imprecision of human cognitive processes. The key idea of fuzzy set theory is that an element has a degree of membership in a fuzzy set. 57, 58 A fuzzy set is indicated by a membership function that includes all the information about a fuzzy set. The fuzzy set theory corresponds human reasoning with the usage of approximate information and uncertainty to generate decisions. It has the advantage of mathematically represent uncertainty and ambiguity and provide formalized tools for dealing with the imprecision intrinsic to many problems. For this reason some researchers particularly used the fuzzy extension of AHP for supplier evaluation. As a matter of fact in literature, green supplier evaluation studies can be seen with fuzzy AHP approach. Lu, Wu and Kuo 23 constructed a multi-objective decision making process for green supply chain management to help managers in measuring and evaluating suppliers' performance using fuzzy AHP method. Recently Lee, Kang, Hsu and Hung 19 also proposed a green supplier selection model for high-tech industry using fuzzy AHP methodology.
In practice, multiple decision makers (DMs) are preferred rather than single DM. This is mainly because of the 'danger' of relying on a single DM with his/her limitations of experiences, preferences or biases about the issues involved. GDM consists of multiple individuals interacting to reach a decision. Each DM or expert may have unique motivations or goals and may approach the decision process from a different angle, but have a common interest in reaching eventual agreement on selecting the "best" option(s). [47] [48] [49] To do this, experts have to express their preferences by means of a set of evaluations over a set of alternatives.
GDM is preferred by several authors. Lu, Zhang, and Wu 50 presented a web-based fuzzy group decision support system (WFGDSS) for situation awareness. A fuzzy multi criteria group decision aggregation method was proposed, which uses general fuzzy numbers to present three sets of linguistic terms for identified three uncertain factors: DMs' importance, criteria' importance, and alternatives' importance. Then a consensus group decision was obtained.
Li, Ruan, Liu, and Xu 51 proposed a linguisticvalued weighted aggregation operator to multiple attribute GDM with quantitative and qualitative information. They used a lattice-based linguistic-valued weighted aggregation (LVWA) operator is for GDM process with non-totally ordered linguistic-valued information.
Wei, Zhao, and Lin 52 studied some induced aggregating operators with fuzzy number intuitionistic fuzzy information and their applications to GDM. In their study, induced fuzzy number intuitionistic fuzzy ordered weighted geometric (I-FIFOWG) operator and fuzzy number intuitionistic fuzzy weighted geometric (FIFWG) operator based approach is developed to solve the multiple attiribute GDM under the fuzzy number intuitionistic fuzzy environment. GDM is also used with AHP methodology in many studies. [53] [54] [55] Fig . 2 briefly illustrates the proposed methodology.
Step 1: After setting the decision goal, construct a committee of experts with E members and determine the alternatives and sets of criteria for evaluation.
Step 2: Design the fuzzy linguistic scale and develop the criteria evaluation. In this step, determination of relative importance among the attributes using experts' opinion through paired comparison analysis is needed. Firstly, for the purpose of measuring the relationship between criteria, it is 
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Copyright: the authorsrequired to design the comparison scale as shown in Table 1 . Step 3: Construct the fuzzy comparison matrices. Triangular fuzzy numbers are used to indicate the relative strength of each pair of elements and to the preferences of the decision maker in the same hierarchy. By using triangular fuzzy numbers, via pairwise comparison, the fuzzy judgment matrix Ã is constructed as given below: Step 4: Aggregate the group decision. As group members play different roles in an organization, the relative importance of DMs may not be equal in the decision group. Some can be more important than the others. Therefore, the relative importance weighting of each DM should be considered. The normalized weight
Considering the weights of all decision makers in the group, a weighted normalized fuzzy decision matrix A can be constructed, 
CR should be less than 0.10. Then it can be said the comparisons are acceptable, otherwise they are not acceptable and should be revised. In this study, the inconsistency ratios for all the comparison matrices were calculated for the mean values of the fuzzy numbers. Because the lower and upper values provide flexibility for human judgments, they are not expected to have rigid consistency.
Step 6: Defuzzify the weights obtained from fuzzy matrices. In this step, defuzzification of the weights is done by using Eq. (9).
Step 7: Evaluate the alternatives. The priority weight of each alternative can be obtained by multiplying the matrix of evaluation ratings by the vector of attribute weights and summing over all attributes.
Application of the Proposed Approach
Technological advancements, new competitors, global sourcing and industry restructuring result in great challenges for the automotive industry. According to the growing worldwide environmental awareness, improvements in this industry also need to shift from a focus on improvements in product environmental performance. Automotive industry has a vital importance for the economy of Turkey and particularly the international companies, which manufacture in Turkey, attach great importance to environmental concerns. Correspondingly, Turkish companies manufacture not only for Turkey but also for worldwide; and either regard environmental standards, laws, and regulations, most especially European Union (EU).
The automotive industry is characterized by a high degree of value added by suppliers in manufacturing as well as in the engineering of automotive components which strongly suggests the implementation of collaborative approaches. 58 From now on, environmental performance of suppliers is a very important concern. Turkish automotive companies are also pioneers in green supply chain management and green supplier issues in Turkish industry. Therefore, a case study research is conducted in XYZ Company, (The name is not given due to privacy concerns.) a main producer of Turkish automotive industry in order to examine the proposed green supplier evaluation model.
Three XYZ managers are the experts, so DMs, of our study. DM1 is purchasing manager, DM2 is environment and quality systems manager, and DM3 is executive vice president responsible for production. XYZ Company's green supplier evaluation process is then performed as follows.
The first step is determination of evaluation criteria and alternatives. The DMs confirm the determined evaluation criteria that have been discussed in the previous section. Five green supplier alternatives (A1,A2,A3,A4,A5) are identified by these DMs of the XYZ company. Supplier alternatives are characterized as small medium enterprises (SMEs). They manufacture not only for Turkish companies but also for international automotive companies. Thus, they have further environmental based concerns and applications rather than other suppliers. The next step comes with the design of the fuzzy linguistic scale which was mentioned in Table 1 . Afterwards, the construction of fuzzy comparison matrices for evaluation is realized. DMs make sets of comparisons in terms of relation between main and sub-criteria. Linguistic evaluation matrices of DMs are given in the Tables 2-16 .
Different degrees of relations are expressed among experts for criteria evaluation; thereby aggregation of the experts' opinions is made by applying Eqs. (2) Tables 17-21. Sub-criteria evaluations are performed in the same way. After all the fuzzy pairwise comparison matrices are constructed by using fuzzy scale, priorities are obtained by applying Eq. (4). After the defuzzification step with using Eq. (6), the obtaining final criteria weights are given in Table 22 .
After main and sub-criteria evaluations, alternative evaluations for every sub-criterion should be performed. Aggregation of the experts' opinions for evaluation of the alternatives is made with Eqs. (2) and (3); priorities are obtained by Eq. (4) and defuzzified by Eq. (6) again. The consistency ratios of all the pairwise comparison matrices were less than 0.1, thereby all comparison matrices were assumed to be consistent and the judgments were considered reliable. 
Published by Atlantis Press Copyright: the authors Table 13 . Linguistic evaluation matrix of DM3 for C3 sub-criteria The final ranking obtained from all the fuzzy AHP calculations is given in Table 23 . Final results demonstrate that, the second supplier namely A2 fulfills the green supplier goal mostly because of the highest score among alternatives. Therefore it seems like the best option is to select A2.
Conclusion
Sustainable development and environmental protection are getting more and more attention in industry. A good green supplier selection model in the competitive environment can help lessen the environmental and legal risks and increase the competitiveness of a firm.
For this reason, this paper proposed an evaluation model to determine the criteria for evaluating green suppliers, and to evaluate the performance of suppliers. In general, multi criteria problems adhere to uncertain and imprecise data and fuzzy set theory is adequate to deal with case. Therefore, fuzzy AHP methodology was used in the evaluation process. An empirical case study from Turkish automotive industry was used to exemplify the approach. The strength of the proposed model is that the vagueness of experts' opinions is considered in the evaluation process. Manufacturers of related industries can use this proposed model to meet their own needs, to evaluate their green suppliers and to select the best green supplier. For further research, the other multi attribute methods like fuzzy TOPSIS 59, 60 can be developed to compare with the results of fuzzy AHP methodology. Another research possibility could be to take into account the criteria dependencies. 
